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Introduction
Quantum chemistry methods are of particular importance to understand stability and reactivity of target molecules. 1 In this sense, quantum chemical descriptors take advantage of structure and properties relationship to estimate and determine the reactivity. Global reactivity indexes have been widely used to study molecules and reactions, [1] [2] [3] [4] [5] and have been effectively handled by the conceptual density functional theory (DFT).
5,6
The caffeine molecule (C 8 H 10 N 4 O 2 , Figure  1 ) is known as a psychoactive stimulant, and it is included in the xanthine molecule class. This molecule show many important biological and pharmacological activities, which was the point of interest for several theoretical studies, using DFT, Hartree-Fock (HF) and second-order perturbation theory (MP2) to analyze its vibrational spectrum, molecular structure, electronic excitation energies, density maps, and NMR. [7] [8] [9] [10] [11] [12] We investigated the effects of several methods and basis set in quantum chemical descriptors, i.e., ionization potential, electron affinity, chemical hardness, chemical potential and global philicity index for the caffeine molecule, C 8 H 10 N 4 O 2 . Principal component analysis (PCA) was used to correlate the descriptors used in this work. The analysis of atomic charges distribution was investigated with Mulliken, 13 MerzKollman 14 and Natural Bond Orbitals (NBO) 15 methods.
Computational Details
In quantum chemistry, the most important in the analysis of results is the 16 and wave function theory (WFT), we made calculation with both. For density functionals we consider the widely used B3LYP, i.e., combination of the LYP 17, 18 correlation functional with the Becke three-parameter (B3) 19 , and LC-wPBE, [20] [21] [22] i.e., long-rangecorrected wPBE [23] [24] [25] , where w is a parameter defining the range separation, and PBE is an acronyms of Perdew-Burke-Ernzerhof. [32] [33] [34] In addition, the global philicity index ω is al ulated usi g the ele tro i he i al potential and chemical hardness (ɳ) as
The concept of molecular hardness is related to the stability of the molecular system, according to the principle of maximum hardness formulated by Parr and Pearson. 31 a direct relationship between the concept of molecular hardness and the aromaticity has been suggested. The energy difference between the HOMO and LUMO frontier orbitals (E LUMO -E HOMO ), GAP, has been used as a quantum chemical descriptor. Small GAP values have been associated with antiaromaticity. 35 Moreover, the energy GAP also provides valuable information about the thermodynamic stability. Rev. Virtual Quim. |Vol 8| |No. 2| |483-492| Table 1 shows the results for the fulloptimized geometry of the caffeine molecule. These results show that regardless the method, D95V basis set provides the most negative value for HOMO, followed by 6-31++G(d,p) and aug-cc-pVDZ. HF and DFT/LCwPBE methods provide similar values for the HOMO energy, while DFT/B3LYP provides more pronounced differences than the other methods. The B3LYP method has the lowest negative values for LUMO and the lowest values for the GAP. These B3LYP results suggest higher reactivity in reaction with electrophiles. Therefore, B3LYP functional is overestimating the caffeine reactivity. 36 due to the large self-interaction errors. 37 Furthermore, the HOMO energies for anions computed by various functionals are positive, indicating that these anions would be unstable toward electron detachment. 33, 38 Figure 2 shows the principal component analysis using the following descriptors: ionization energy, electron affinity, chemical hardness, chemical potential, global philicity index and GAP. PC1 is dominated by ionization energy, electron affinity, chemical hardness, global philicity index and GAP. Otherwise, PC2 is dominated by chemical potential. DFT methods are clustered together, separated from MP2 and HF. D95V at MP2 and HF level is also separated from the entire set, while for DFT it is only slightly separated from the other basis sets. MP2 and HF are clustered when using the 6-31++G(d,p) and aug-cc-pVDZ basis sets. Therefore, PCA results suggest that LC-wPBE, HF and MP2 using the larger basis sets give almost the same trend for the computed descriptors. This is in accordance to the overestimation of reactivity found from the B3LYP GAP values. According to these results the LC-wPBE functional shows reliable results compared to the perturbation theory with gain in computational effort. Moreover, small basis set does not guarantee reasonable accordance with high level methods and basis sets. Table 1 for the number notation
Results
Analysis of the distribution of charges could help understand the reactivity of atomic sites in a molecule (local reactivity). Although atomic charge is not a quantum chemistry observable, atomic charges are a useful concept for understanding chemical reactivity. It is of fundamental importance for the understanding of a range of phenomena, e.g., dipole moments and chemical shifts in nuclear magnetic resonance (NMR). Because of its importance, a large number of theoretical and experimental contributions have been proposed 39 for computation of atomic charge distribution in molecules.
Mulliken analysis has the advantage of simplicity, because its population overlap is divided equally between the two atoms of a bond. However, it reveals a number of results that come at odds with expectations. [39] [40] In general natural atomic charges is fairly independent of the method used in their computation wave functions used. 40 Figure 3 depicts Mulliken, Merz-Kollman and NBO population charges. As expected Mulliken charges are strongly dependent on the basis set, but shows no dependence on the method used. Merz-Kollman and NBO atomic charges show almost the same trend. The well known behavior of natural analysis is reproduced. NBO has the fairly independent distribution on method and basis set. The Merz-Kollman method shows a disagreement in relation to the N9 positive results, in this case N7 continues to have smallest charge value in relation to N9. Therefore, NBO results showed to be more independent in the charge distribution, and it should be widely used to rationalize the chemical reactivity. 
Conclusions
We have carried out HF, DFT (LC-wPBE and B3LYP) and MP2 calculations of quantum chemical descriptors for the caffeine molecule. The D95V, 6-31++G(d,p) and augcc-pVDZ basis sets were used. 
